This paper attempts to explain the level and dynamics of firm level productivity through a model of convergence, for UK service sector firms over the period 1988 to 1998. Firms of different characteristics have different productivity levels and rates of catch-up. We find strong evidence to relate differences in the rate of convergence to the ownership status of the firm and weak evidence that it is related to firm age. Given the high initial productivity of foreign owned firms we suggest that these firms have high absorptive capacity.
Introduction
Recent firm-level studies have established the existence of large differences in productivity levels across firms, even within narrowly defined industries (see Bartelsman & Doms, 2000 for a comprehensive review). A less reported result from the same literature is that the amount of change in the productivity distribution across time is non-trivial. In this paper
we consider whether a model of convergence in cross-firm productivity levels is capable of jointly accounting for heterogeneity in the level of productivity as well as their dynamics across time in a sample of UK service sector firms over the period 1988 to 1998. To our knowledge this is the first study that considers both productivity levels and dynamics for UK service sector firms.
Strong evidence for productivity convergence amongst service industries at the aggregate level in OECD countries leads us to consider the convergence model as the appropriate model to study productivity dynamics at the firm level (Bernard & Jones, 1996; Gouyette & Perelman, 1997; Broadberry, 1998) . Bernard & Jones (1996) argue that convergence has been specific to the service sector because the technologies used are likely to be similar across firms. By contrast, there is little or no evidence convergence has occurred amongst manufacturing industries in OECD countries (Bernard & Jones, 1996; Carree et al., 2000; Togo, 2000) .
The time period used in the study is also of interest as it overlaps with a period of obvious and rapid investment in new technology in the service sector. According to the estimates made in Kneller & Young (2001) Using regression as well as transition matrix analyses, we find significant cross-firm productivity differences in the service sector. However we also find that the persistence of a given firm in the productivity distribution is too low to be explained completely by a model of fixed firm characteristics. Somewhat remarkably Bailey, Hulten & Campbell (1992) and Bartelsman & Dhrymes (1998) report similar findings for US manufacturing firms. To account for this low persistence Bailey et al. (1992) suggest developing a model that combines a fixed firm effects model with one in which firms are subject to random shocks, whereas we take an alternative approach and study a model of convergence. Within the convergence model firms imitate best practice technology enabling them to close any productivity gap over time. The greater the size of the productivity gap the faster the rate of growth is expected to be.
In an extension of the model we add greater complexity to the dynamics of productivity by allowing the rate of convergence and the position of the frontier to differ amongst firms.
From this we find that service sector firms appear to be converging to the same steady state within a given industry. We therefore modify the Bernard & Jones (1996) hypothesis that technology in the service sector is global to one in which technology is global within each industry. Firms differ in the rate of technology catch-up because they apply different levels of effort in the absorption of new technologies. These differences are measured by observable firm level characteristics such as age, size and ownership. Here we find only weak evidence that the rate of convergence differs according to the age of the firm, but stronger evidence that ownership is important. Foreign owned firms, which also have higher average productivity levels, exhibit faster rates of convergence than their domestically-owned counterparts. One possible explanation for this result is that the high levels of average productivity in foreign owned firms acts as a proxy for high levels of absorptive capacity, which are necessary for the successful imitation and adoption of new technologies.
The rest of the paper is organised as follows. In Section 2 we briefly review some of the models of productivity dynamics. Section 3 outlines our empirical strategy and the convergence model. Section 4 presents the empirical findings, and the last section concludes.
Some models of productivity dynamics
Bailey Hulten & Campbell (1992) summarise the possible patterns of firm level productivity dynamics using four simple models. Changes in the distribution of productivity among firms arise as a result of various combinations of random shocks, differences in the vintage of capital or fixed plant heterogeneity. Empirical application of these models by Bailey et al. (1992) leads them to favour a combination of the model in which random shocks affect the level of productivity and the fixed plant effects model. We describe these two models and their relationship to more complex models of firm behaviour in this section and leave the description of the alternative model of convergence to the next section.
Random Shocks to the level of Productivity
In the random productivity level model, the production technology of the plant or firm is determined through a combination of random economic shocks to the level of productivity and deterministic growth (equations 1 and 2). More formally, output in firm i at time t is a function of the production technology F, where K is physical capital and L is labour, and productivity A. The level of productivity, given by equation (2), is in turn equal to the exponential of deterministic productivity growth, β, and ε a random shock. Shocks are assumed to be drawn from an i.
Deterministic growth ensures that average level of productivity in the entire distribution rises over time, whereas the variance of the productivity distribution of firms relative to the mean remains constant if the distribution from which shocks are drawn remains constant.
The model also predicts that the productivity of an individual firm relative to the industry mean will be uncorrelated across time. This holds because the relative position of a firm in the productivity distribution is determined solely by its draw from the distribution of shocks in a given period. It follows that firms with above average productivity in one time period are likely to exhibit below average productivity the next time period. The rank of a firm in the productivity distribution will therefore display low cross time persistence.
Fixed Plant Effects
The plant fixed effects model can be thought of as lying at the other extreme of firm behaviour. In this model firms display permanent differences in their productivity levels. This is captured by v i in equation (3) below. The variance of the entire productivity distribution and the position of a firm within this distribution will remain fixed over time.
Even if random shocks (ε it in equation 3) are allowed to affect the productivity level of the firm, the model predicts the position of the firm will remain broadly stable, for example within the same quintile of the distribution. Given the expected value of ε it is zero this relationship will be stronger the longer the time period considered.
These models provide useful statistical descriptions of the dynamics arising from models better grounded in economic theory, for example the passive learning model of Javanovic (1982) and the active learning model of Ericson & Pakes (1995) . Javanovic (1982) puts forth a productivity evolution model that is based on firm heterogeneity and selection. At birth each firm is endowed with some time-invariant cost of production parameters, which it is only able to identify slowly as it keeps producing. Firms decide whether to stay within the industry or exit the industry according to it's current (imperfect) cost information, so that unproductive producers might stay in business until they realised their inefficiency. So firms passively learn about some immutable productivity parameter.
In contrast to the Bayesian learning model of Javanovic (1982) with its fixed efficiency parameter, the theoretical framework of Hopenhayn (1992) assumes that firms are subject to random productivity shocks every period. This productivity shock follows a first-order Markov process, and the distribution of future productivity is increasing in current productivity. Hopenhayn (1992) predicts that low productivity firms are more likely to exit, and younger cohort firms are less productive than older ones.
The active exploration model of Ericson and Pakes (1995) assumes that firms know their current productivity/profitability parameter. However, this parameter changes over time in a stochastic manner following the firms' investments and the actions of other firms in the market. So as firms strive to improve their quality, their productivity may improve. But the introduction of a stochastic firm-level efficiency means that a negative productivity shock can cause previously efficient firms to suffer losses in productivity. Firms don't passively receive random productivity shocks however; rather the decision to exit is the result of an explicit profit maximising choice. Pakes and Ericson (1998) attempt to discriminate between the two alternative models of firm dynamics. They derive the empirical implications of both models and devise non-parametric tests. The basic intuition of Pakes and Ericson (1998) is as follows. Consider the following stochastic process generating sales (S) conditional on survival,
where the subscript indexes time periods. Pakes and Ericson (1998) argue that the passive learning model implies that the regression function (1) depends on the initial value 1 s , and it should be strictly increasing in it. The Javanovic (1982) model therefore predicts, like the fixed firm effects model, that the productivity differences are permanent (i.e. productivity shocks are fixed effects). In contrast, active learning on the part of firms implies that for large enough t, the regression function (1) is independent of s 1 . This is consistent with the predictions of the random shocks model.
Empirical strategy
The convergence model provides an alternative description of differences in firm level productivity and dynamics. The model draws on the fixed firm effects model to describe differences in the level of productivity, while the productivity dynamics describe learning (imitation) by firms.
Firms in the convergence model are assumed to apply frontier technology with a firmspecific efficiency parameter, where differences in efficiency may exist because of differences in managerial ability (Lucas, 1978; Javonovic, 1982) or absorptive capacity (Abromovitz, 1986; Cohen & Levinthal, 1989; Fagerberg, 1988; Verspagen, 1991) .
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Productivity growth occurs because of technical transfer. Firms that lag in their productivity levels can imitate from firms that lie on the technical frontier. If, as seems likely, imitation is less costly than innovation and the cost of imitation is increasing in the complexity of the technology then firms with low initial productivity will display faster growth than firms with high initial productivity. The greater the size of the productivity gap the greater the scope for imitation and catch-up. Differences in firm fixed effects imply that this convergence is conditional rather than absolute; firms converge to their own steady state.
It is possible, however, that the same factors that determine the steady state level of efficiency of the firm may also affect the rate of convergence. Firms that have better management and higher absorptive capacity of its workforce may converge more quickly to their steady state productivity levels than firms that lack these properties. Firms of this type are better at learning about new technologies and applying them in the workplace. We therefore extend the model to account for this possibility of heterogeneity in the speed of convergence.
The above properties are summarised in equation (5) below, which describes the rate of productivity growth in firm i at time t. The parameter α oi captures firm level fixed effects, α 2j fixed industry effects and α 1i the rate of convergence. Initial productivity is measured relative to the technical leader in the industry (j) in which firm i operates.
Unfortunately it is not possible to measure individual firm's learning effort in the dataset used in this paper (see data appendix for detail). Instead we hypothesise that firms with similar observable characteristics (CHAR) apply similar learning effort and have identical absorptive capacity. Thus equation (5) can be rewritten as:
We measure CHAR using the age of the firm, the size of the firm and whether the firm is foreign or domestically owned. Firm age is an attempt to capture possible effects of firm vintage, while size captures possible economies (diseconomies) of scale effects among service sector firms. Finally, in the manufacturing sector (Griffiths & Simpson, 2002; Girma et al., 2001 ) productivity is found to be significantly higher in foreign over domestically owned firms. The productivity advantage of foreign owned firms is interpreted as resulting from better access to new technologies and managerial techniques.
There is some debate as to whether this reflects differences in the average size of domestic and foreign owned firms or specific advantages of foreign owned firms and so we control for differences in firm size when using this variable. If technical knowledge is global then we would expect firms to converge towards some fixed industry parameter in the long run, given by the industry specific fixed effect.
However, within equation (6) we also allow for the possibility that firms may have permanent differences in their productivity levels, firms converge towards their own individual steady state. These steady states are captured by the fixed characteristics effects.
If the argument put forward by Bernard & Jones (1996) that the technology used in the service sectors are similar across firms is correct, we might then expect that the estimated coefficients on these fixed characteristics effects to be jointly insignificant.
In addition to these convergence regressions we also study the evolution of the distribution of productivity in the U.K. service sector firms by using transition matrix analysis. 2 Quah (1993) argues at the cross-country level that transition matrices are more informative about the evolution of the distribution and possible convergence than convergence regressions of the type outlined above. We draw on evidence from both methodologies. Productivity transition matrices also allow us to discern the role of observable firm level characteristics such as age, size and ownership structure on the probability of improvement or decline in productivity. We construct five-period TFP transition matrices with typical element ) , (
, by calculating the percentage of firms in productivity quintile j at time t+5, conditional on having been on in quintile i at time t. TFP is estimated as a residual from a
Cobb-Douglas production function regression with time dummies, and in recognition of the fact that different industry might employ different combination of factor inputs (labour and capital), separate regressions are run for each of the 61 SIC92 three-digit industries in our sample.
Empirical Results

Productivity Levels
In order to provide initial evidence in support of the convergence model we begin with results for differences in the level of productivity between firms. Our sample covers the period 1988 to 1998 3 . Since exit from the sample cannot be clearly identified, we concentrate on firms that survive over each of the 5-year periods, 1988 to 1993 and 1993 to 1998 4 . In line with many of the studies based on micro data, we find from this analysis that firms differ markedly in their productivity levels. These differences are found to be related to observable firm characteristics, although, in contrast to the firm fixed effects model, they are not always stable across time. We infer from this finding that firm level dynamics are also important. estimates indicate that the youngest firms have on average the lowest productivity levels. In contrast, the results from the second period are consistent with the youngest firms having the highest average level of productivity. The average productivity level of firms in all the other age groups is significantly lower than that of firms aged 1 to 5 years in 1993. The results also suggest that the absolute magnitude of these productivity differences is increasing with age. Of the firms that survived between 1993 and 1998 the very oldest firms in the sample have an average productivity level close to 19 per cent lower than the very youngest firms in 1993. For firms aged 10-21 years and 5-10 years in 1993, the productivity differential is 13 per cent 9 per cent respectively. This appears to suggest that the cohort of firms that entered the market after 1993 and survived, are highly productive. In Table 2 we present the extent of productivity differences among service sector firms in our sample that are due to ownership status and size bands. Foreign ownership appears to be an important determinant of differences in the level of productivity across firms. It seems that very small foreign firms have enjoyed faster productivity growth over the second time period, although differences in the firms included in the two sub-samples prevents us from making a firmer conclusion. It is also worthwhile to note that the productivity gap between small domestic firms and very small domestic firms falls from 21.2 per cent in the first period to 13.8 per cent in the second. 
Productivity Dynamics
The results for the level of productivity suggest that there are large differences in the level of productivity across firms. However, there is also evidence of variation in the results according to the time period chosen. To study these dynamics in more detail, we estimate transition matrices of movements in firms productivity between the start and the end of each periods. Table 3 provides age-stratified information on the percentage of firms that moved up, down or stayed within the same quintile, and Table 4 As with differences in the level of productivity there is also evidence of differences in firm level dynamics according to observable characteristics, although the differences are again sometimes small and often unstable across time. Over the first time period the degree of movement up or down the distribution appear to depend little on the age of the firm. For example, the percentage of the youngest firms moving down the distribution is only 2 percentage points different from the age group with the highest proportion of firms moving down the distribution, that of firms aged 5 to 10 years. However, the probability of moving down the distribution is more clearly associated with age over the second time period.
Compared to the youngest firms the oldest firms in the sample are 5 per cent more likely to remain within the same quintile of the distribution and 5 per cent less likely to move down the distribution. But the probability of moving up the distribution is not clearly related to age in either period. This contrasts with Bartelsamn & Dhyrmes (1998) who find evidence of learning-by-doing in the evolution of productivity of the youngest firms. As with differences in the level of productivity, we find somewhat stronger ownerhip-size effects in our transition matrix analysis. Broadly speaking domestically owned firms are more likely to move down the distribution and less likely to move up the productivity distribution than foreign subsidiaries. These differences are quite large. For example, the percentage of firms moving down the distribution is around 7 and 5 percentage points lower for large foreign owned firms than very small domestic firms in the first and second periods respectively. This is despite the fact that foreign owned firms also have a higher average productivity level than domestically owned firms
In accordance with Bartelsman & Dhrymes (1998) the probability of staying within the same quintile of the distribution is increasing in size, although these results are stronger for domestic over foreign owned firms. Broadly smaller firms are also more likely to move up or down the distribution, although again these relationships appear stronger for domestic over foreign firms. In the first period, foreign owned firms exhibit the highest propensity to move up the productivity distribution. Interstingly, the proportion of these firms moving down the distribution is no lower than the other size and ownership bands, such that these firms are much less likely to stay within the same quintile than other types of firms.
The above pattern seems to be stable across time. In the 1993 to 1998 period, a greater percentage of foreign owned firms moved up the distribution and a greater percentage of domestically owned firms moved down the distribution. The exception to this pattern is for large foreign owned firms. The percentage of firms moving up the distribution over this period is now lower than that for domestically owned counterparts in the same size band, whereas the percentage of firms moving down the distribution higher.
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To summarise our key findings; irrespective of firm size, age and ownership status the relative productivity level of firms is reasonably persistent across time. Around, and often greater than, 50 per cent of firms end the 5-year period in the same quintile of the distribution that they started in. These changes in the distribution appear weakly associated with age and more strongly associated with ownership status. Foreign owned firms are more likely to move up the distribution and less likely to move down even when controlling for differences in size.
Convergence
From the evidence presented in the previous two sections of this paper, it is difficult to make a firm conclusion in favour of either the fixed plant effects model or the random shocks model. In this respect we are in the same position as Bailey et al. (1992) . In what follows, we test if our data lend support to the convergence model expressed in equation (6). Thus we allow for heterogeneity in the rate of convergence and the steady state according to the same observable characteristics used above.
Convergence of productivity levels can either be absolute, if the standard deviation of the productivity distribution falls across time, or conditional, if firms converge to their own steady states. In table 5 we report the results for absolute convergence, the standard deviation of the distribution of firms that survived, from 1988 to 1999. There is no evidence of absolute convergence in productivity levels within the sample. Although the end ofperiod standard deviation is smaller than at the start, the spread of the distribution is in fact at its lowest during the first five years of the 1990's. In the first column of Table 6 we report estimates from the base specification, which is a pooled regression of TFP growth on initial relative TFP and industry specific fixed effects.
As expected, the coefficient on initial relative productivity is negative. Firms that are out of steady state converge back over time. Although not reported the industry specific fixed effects are significantly different from zero. This confirms the results from Table 5 that convergence in this data set is conditional rather than absolute.
We then augment the base specification to allow for differences in the growth rate of productivity and the position of the steady state according to firm age (regression 6.2) and size/ownership (regression 6.3). In the final two rows of the table we provide the test statistic (and p-value) from a test of the joint significance of the inclusion of observable firm level characteristics and their interaction with the productivity gap. From these test statistics it is clear that there are large differences in the rate of convergence across firms, whereas the evidence for permanent differences in the rate of productivity growth across firm characteristics is less conclusive. Given this latter result in combination with the joint significance of the industry specific fixed effects we can reject the idea of absolute convergence across all service sector industries, but we cannot reject the possibility of absolute convergence of service sector firms within a given industry. That is service sector firms appear to be converging to the same steady state within a given industry. From this we can modify the Bernard & Jones (1996) hypothesis that technology in the service sector is global to one in which technology is global within each industry.
There appear to be no permanent differences in the rate of growth that depend upon the ownership structure of the firm (interacted with size), while the same null can be rejected at the 5 per cent level, but not the 10 per cent level for the age of the firm. In regression 6.2 the results suggest that the greater the vintage of the firm, the slower it converges towards its steady state level of productivity compared to the very youngest firms. Little or no difference in the rate of convergence among domestic firms is evident from regression 6.3, whereas there is evidence that foreign owned firms catch-up more quickly. The rate of convergence is quickest for small and very small foreign owned firms. To test the robustness of these results we re-estimate the same regressions for each of the two time periods, 1988 to 1993 and 1993 to 1998. These regressions are estimated imposing the restriction of no permanent differences in productivity growth across firm characteristics. In regressions 6.4 and 6.5, the coefficients are allowed to vary by the age of the firm and in regressions 6.6 and 6.7 by ownership (interacted with size).
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In regressions 6.4 and 6.5 we find evidence of convergence in the level of productivity amongst firms, the coefficients on the relative TFP terms are significant and negative. But differences in the rate of productivity convergence according to the age of the firm are not statistically significant: a Wald test of the joint significance of the age/relative TFP interaction terms can be rejected at the 10 per cent level. Individually the rate of convergence is significantly different for firms aged over 21 years. Thus there is weak evidence that convergence rate is slower the older are firms in the period 1988-93. This finding is supported by the results from the second period displayed in regression 6.5.
Evidence again exists from this regression the rate of convergence is slower for the 10-21 year old age group, although again no difference is evident for firms aged 5-10 years old in comparison to the base group of youngest firms.
The evidence that the rate of convergence differs according to firm level characteristics is stronger in the regression results reported in the last two column of Table 6 . The test statistics from a Wald tests of the joint significance of the ownership and size interaction terms is well above conventional critical values. The results suggest that the rate of convergence is faster for foreign firms than domestic firms: the coefficient on each of the foreign interaction terms is negative, whereas those for domestic firms are all positive.
These differences are statistically significant in the case of very small foreign firms and large foreign firms only however. In both regressions the rate of convergence is fastest for very small foreign firms. At the end of the spectrum the rate of convergence is slowest for small and medium domestic firms in the first period, and for the latter group of firms in the second time period.
These results from these exercises are interesting because they suggest that the rate of convergence is associated with initial productivity levels. Groups of firms that have the highest average productivity also have the fastest rate of convergence towards the technical frontier. These results occur whether the rate of convergence is allowed to differ across age groups or through size and ownership. They are also robust across time.
In the final column of Table 6 we present the results from the GMM estimation of equation 6.3, but excluding the fixed characteristic effects. The estimation of convergence regressions using GMM has been shown by Caselli, Esqivel & Lefort (1996) to be important in the cross-country literature. Within Table 6 the rate of convergence appears to differ significantly amongst firms. One question that arises out of these results is whether this rate of convergence is more strongly related to the age of the firm or to the ownership status of the firm. To gauge the relative importance of each we split the sample either by ownership (and size) or by firm age. For each of the separate age bands we then include the relative TFP term interacted with ownership (and size) and in each of the ownership (and size) bands we interact relative TFP with age. That is, controlling for age we test whether heterogeneity in the rate of convergence according to ownership status remains. These results are then compared to those generated when ownership status is controlled for and catch-up is allowed to vary by age. Given the large number of regressions estimated, sixteen regressions are estimated controlling for ownership and eight when controlling for firm age, in Table 7 we just report the results from a Wald test of the joint significance of these interaction terms for the first and second time periods rather than the full set of results.
When the data are split by ownership and age is interacted with relative TFP (the left hand side of the table) we find evidence that the rate of convergence differs between different firm vintages in less that half of the 16 estimated regressions. The Wald test statistics are significant at the 5 per cent level in 3 of the regressions and significant at the 10 per cent level in a further 3. There is also little consistency in the results across the two time periods.
At the 10 per cent level the rate of convergence differs for firm vintages among very small foreign, medium foreign and large domestic firms in the first time period, but among small domestic, medium domestic and large domestic firms in the second time period.
The evidence for the importance of ownership is much stronger (the results in the right hand side of Table 7 ). Controlling for firm age the rate of ownership to differ significantly for foreign and domestically owned firms in 7 of the 8 regressions at the 5 per cent level and all of the regressions at the 10 per cent level. The pattern of coefficients (not reported)
in each of these regressions match those found in Table 6 . Domestically owned firms are consistently found to converge at a slower rate than foreign owned firms. From Table 7 we suggest that ownership (and size) appear more important than firm age for the rate of catchup. Table 7 [Here]
Conclusions
The empirical evidence presented in this paper suggests that a model of convergence in the level of productivity amongst firms is able to capture the dynamics present in UK service sector data from 1988 to 1998. Differences in the level of productivity across firms are found in the data, where these differences are related to the age and the ownership (interacted with size) of the firm. However the results from transition matrices along with the stability of the results from these levels regressions across time suggests significant differences in the rate of change of firm level productivity also exist. These patterns are weakly related to the age of the firm, but do appear to be related to the ownership structure of the firm. The ownership status of the firm would appear important for the level and rate of change of productivity.
When the level and dynamics of firm level productivity are studied together using a convergence regression we find strong evidence for conditional convergence amongst firms. Firms that lie further below their steady state level of productivity grow more quickly than firms that lie closer to their steady state level of productivity at time t. The position of the steady state was not found to be related to the age or ownership status of the firm whereas the rate of productivity growth was. Once again these results were more stable for the ownership variable. Foreign owned firms were found to converge towards the industry specific steady state level of productivity more quickly than their domestic counterparts. This difference occurs at each of the different firm size bands considered. The rate of convergence was not found to be clearly related to the size of the firm. Overall the results from this paper support findings at the cross-country level that convergence of productivity levels occurs among service sector firms. Like Bernard & Jones (1996) we conjecture that convergence occurs because the technologies used by different service sector firms within a given industry are similar.
What is the role of globalisation of the service industry in facilitating the productivity catch-up by laggard firms? Can the findings reported in this paper be mirrored in firms level data from other OECD countries? Data permitting, it is certainly worth investigation these and other questions for a fuller understanding of the major factors behind and extent of productivity convergence in the service industry. Table 6 Conditional Convergence
Dependent variable TFP growth
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